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ABRASIVE PRODUCT WITH REDUCED PARTICLE CONCENTRATION 

This invention relates to an abrasive product of the type 
comprising a multitude of metal deposits, preferably 
electrodeposits, formed on a substrate. The metal deposits 
5 bear particulate abrasive material, such as diamond grit. 

In European Patent Application No. 0263785, published on April 
13, 1988, a technigue is described for manufacturing abrasive 
products by electrodepositing nickel through a mask onto a 
conductively rendered fabric in the presence of diamond grit 

10 so as to form a multitude of abrasive particle-bearing 
deposits on the underlying fabric. The described product has 
met substantial commercial success in the abrasive industry, 
particularly for stone and glass applications. While 
retaining good flexibility, the product will last many times 

15 longer than conventional abrasives. 

Canadian Patent Application Nos . 530,811; 531,996; 549,901; 
552,387; and 556,049; describe various techniques for carrying 
out the deposition process on a fabric or other substrate. 
In a preferred embodiment, a metal foil is attached to a 

20 substrate and photographically masked. Nickel is then 
deposited on the metal foil, preferably a copper foil, through 
apertures in the mask in the presence of diamond grit, which 
then becomes embedded in the nickel deposits. After 
electrodeposition, the mask is stripped away, the copper 

25 between the deposits etched away in an acid bath, and the 
resulting voids filled with resin preferably containing 
silicone carbide as a filler. 



These products have generally been remarkably successful. 
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According to the present invention there is provided in a 



a substrate, said metal deposits bearing particulate abrasive 
material, the improvement wherein the percentage coverage of 
5 the total area of the substrate by said deposits is less than 
about 25%. 

The percentage coverage can be less than about 20%, preferably 
in the range of about 12 to 18 percent. It can be desirable 
to vary the pattern of deposits on the substrate. 

10 It has been found particularly desirable to arrange the 
deposits in triangular groups of three, diamond-shaped groups 
of four, or in a diagonal configuration . 

The present invention is based on the remarkable and totally 
unexpected result that a significant reduction in the 

15 percentage coverage of the substrate below normal practice in 
the art, and what would be expected by a skilled person, can 
actually lead to an improvement in abrasive performance, or 
at least such a reduction does not bring about an expected 
gradual deterioration in performance. Even the latter result 

20 is useful because the abrasive material, generally diamond 
grit, is proportionately the most expensive component of the 
product. The ability to reduce the amount of diamond employed 
permits substantial cost savings. It was totally unexpected 
that the diamond coverage could be reduced in this way without 

25 sygnif icantly impairing product performance. 

It would be expected that a gradual reduction in the 
concentration of abrasive material would bring about a 
concomitant reduction in abrasive performance. While the 
reason that this does not occur is not absolutely clear, it 



abrasive product comprising a multitude of metal deposits on 
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is believed that at normal concentrations there is a tendency 
for the abrasive particles protruding above the surface of the 
deposits to wear down in such a way that their tips become 
rounded because the frictional force between the work piece 
5 and the abrasive product is spread out over a larger number 
of abrasive particles. As the number of abrasive particles 
is reduced, the frictional force is borne by a smaller number 
of particles, and this creates a tendency for the particles 
to micro-fracture, creating jagged edges that have good 
10 abrasive properties. 

The invention will now be described in more detail, by way of 
example only, with reference to the accompanying drawings, in 
which:- 

Figure 1 is a sectional view of an abrasive product with 
15 normal surface coverage; 

Figure 2 is a section taken through an abrasive product 
having reduced surface coverage; 

Figure 3 shows the results of tests measuring the 
material removal rate against the number of samples 
abraded by a belt having normal surface coverage and one 
having reduced surface coverage; 



Figure 4 shows the results of tests measuring the 
material removal rate against time for products with 
normal and reduced coverage; 

25 Figures 5a to 5e show various deposit patterns employed 

in abrasion tests; 
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Figure 6 is a graph showing glass removal rate against 
time for abrasive products having different surface 
coverage and surface patterns as shown in Figures 5a to 
5b; 

Figure 7 shows an abrasive disk consisting of a plurality 
of segments, each segment having the deposits laid out 
in a predetermined pattern; and 

Figure 8 is a graph showing the amount of substance 
removed against time for an abrasive having a normal 
distribution of diamond particles and one having the 
particle distribution reduced by one third. 

The abrasive product shown in Figure 1 comprises a woven 
KevlarTM fabric substrate 1. Nickel electrodeposits 4 are 
formed on disks 2 of copper foil resin-bonded to the KevlarTM 

15 substrate !• The nickel deposits 4 have diamond grit 
particles 5 embedded therein. The deposits 5 are generally 
circular, about l/16th inch in diameter, although they can 
have other shapes as described in the above referenced 
co-pending applications, and diameters of up to about 1/4 

2 0 inch . 

The voids between the deposits 4 are filled with polyurethane 
resin 3 containing silicone carbide as a filler. This reduces 
the shearing forces on the deposits and helps to keep them in 
place during the abrasion process. 

25 The fabrication of this product is described in the 
above-referenced co-pending applications. First, a copper 
foil is bonded to the woven KevlarTM substrate by LomodTM 
resin. A surface mask is then photographically applied and 



5 
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the nickel electrodeposited through the mask onto the copper 
foil in the presence of the diamond grit. Finally, the mask 
is stripped away with sodium hydroxide solution and the 
residual foil between the deposits etched away with acid. The 
5 voids are then back-filled with the resin. 

The above-referenced copending applications describe an 
improved technique for fabricating a product having diamond 
grit attached to some form of substrate by means of nickel 
electrodeposits . Other techniques for making abrasive 

10 products with diamond-bearing nickel deposits are known. For 
example US Patent No. 4,256,467 to Interface describes a 
technique for forming electrodeposits by depositing through 
a non-conductive mesh. U.S. Patent No. 4,047,902 to Wiand 
describes a technique forming electrodeposits onto a 

15 substrate. In these products, and indeed the products made in 
accordance with the techniques described in the 
above-referenced co-pending applications, it has been 
conventional practice, and it was thought natural and 
necessary, to have a relatively high percentage coverage of 

20 the total area of the abrasive product. In practice, the 
surface coverage has been at least about one-third. The 
commercial product of the present applicants has a coverage 
of about 32.2%. Experience with other types of conventional 
abrasives suggested that a surface coverage of this nature 

25 would be necessary, and it was not considered practical to 
reduce the surface coverage beyond this level because the 
amount of diamond grit available for abrasion would be limited 
and the expected results poor. 

Quite unexpectedly, it has been found that, on the contrary, 
30 " a reduction in surface coverage in some cases actually 
improves the abrasive performance, and more generally, over 
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quite a wide range, leads to no, or at the very least little, 
reduction in abrasive performance. 

The reason why this happens is not absolutely clear, but it 
is believed that with higher diamond concentrations, because 
5 the frictional load is spread out over a larger number of 
diamond particles, the frictional forces tend to wear down the 
particles 5 so that they become rounded, as illustrated in 
Figure 1. 

Figure 2 shows an abrasive product similar to the product of 
10 Figure 1, but with reduced surface coverage of nickel 
deposits. As will be seen in Figure 2, the deposits 5 are 
shown as having jagged edges. It is believed that what 
happens at reduced diamond concentration is that the 
frictional forces, instead of causing wear of the diamond 
15 particles 5, cause micro- fractures to occur which lead to 
jagged edges. These abrade better than rounded tips and 
thereby tend to improve abrasive performance. 

In a first set of experiments, abrasive belts made by the 
techniques described in the above-referenced copending 

20 applications were used to remove material from a glass 
work-piece. The belts had pellets arranged in a regular 
diagonal pattern, relative to the direction of movement for 
the belt, the deposits being approximately one-sixteenth of 
an inch in diameter and having a. surface coverage of about 

25 32.2%. In a first set of experiments, one out of every three 
deposits was removed with a knife, and the belts used to 
abrade a series of sample workpieces. 

The results as shown in Figure 3 where the material removal 
rate (MRR) is plotted against the number of samples abraded 



WO 90/00105 



-7- 



7GB89/00728 



by the belt- The crosses represent the standard belts and the 
full squares represent belts with reduced surface coverage. 
It can be seen that the performance of the reduced coverage 
belts is substantially better than the belts with normal 
5 surface coverage and that the belts with reduced coverage can 
abrade more samples. 

Figure 4 shows similar results , where the MRR is plotted 
against time. The MRR for the belts with reduced coverage, 
i.e. having approximately one-third less coverage than the 
10 normal belts, is substantially better than the MRR for the 
normal belts. 



Figure 5a shows the deposit pattern for a normal belt having 

full coverage, i.e. 32.2%. Figures 5b to 5e show alternate 

patterns for belts with reduced coverage. The percentage 

15 surface coverage is as follows: 

Figure Percentage 

5b 15.2% 

5c 12.78% 

5d 17.04% 

20 5e 16.74% 



Experiments were conducted with belts having the deposit 
patterns shown in Figures 5a to 5e. A glass plate one-quarter 
of an inch in thickness was abraded under dry conditions with 
KevlarTM belts one and one-eighth inch wide by twenty-one 
25 inches long, having a grit size of 220. 

The results are shown in Figure 6, where the glass removal 
rate in grams per minute is plotted against time. In Figure 
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6, the filled squares represent the results obtained with the 
normal belts shown in Figure 5, the crosses the results 
obtained with the triangular configuration shown in Figure 5b, 
the diamonds, the results with the diagonal configuration 
5 shown in Figure 5c, the filled triangles, the results with the 
diamond configuration shown in Figure 5d, and the x's the 
results obtained with the full diagonal pattern shown in 
figure 5e. 

The results shown in Figure 6 are extremely interesting. The 
10 best results are obtained with the pattern shown in Figure 4, 
where the surface coverage was 17.04%. This is about half the 
surface coverage that had been previously employed. 

The worst results are obtained with the higher diamond 
concentration, as indicated by the full squares. Good 

15 results, considerably better than those obtained with the 
Figure 5a configuration, are obtained with the triangular 
configuration of Figure 5b, where the surface coverage was 
only 15.2%. It is a quite remarkable result that halving the 
concentration of diamond grit can actually lead to a three- 

20 fold increase in glass removal rate after the first half hour. 
The ability to reduce the diamond coverage by a factor of 2 
very substantially reduces the cost of the product. 

Figure 7 shows an abrading disk, which also takes advantage 
of this result. The disk comprises shaped segments 10 

25 uniformly spaced on a substrate 11, which between the segments 
is clear of any deposits. The surface coverage within the 
segments can be reduced in the manner described above, leading 
to an overall surface coverage that is even less than for a 
belt having a uniform pattern over the whole surface. The size 

30 of the deposits is about 1/4 inch. 
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Figure 8 shows the results of further experiments and confirms 
the advantages of using a reduced diamond particle 
concentration . 

While the invention has been described with reference to 
diamond particles deposited on a copper substrate and embedded 
in nickel, other suitable materials may be employed. The 
diamond particles may be replaced by cubic boron nitride or 
other suitable particulate material as described in the 
above-referenced applications, and compatible materials other 
than copper and nickel may be employed, depending on the 
application. 

Generally the cut off point varies down to about 25% of the 
whole area or of a given area. Good results are obtained with 
a 50% reduction in concentration over conventional products. 
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Claims: 

1. An abrasive product comprising a multitude of metal 
deposits on a substrate / said metal deposits bearing 
particulate abrasive material, characterized in that the 

5 percentage coverage of the total area of the substrate by said 
deposits is less than about 25%. 

2. An abrasive product as claimed in claim 1 characterized 
in that said percentage coverage is less than about 20%. 

3. An abrasive product as claimed in claim 1 characterized 
10 in that said percentage coverage lies in the range of about 

12% to 18%. 

4. An abrasive product as claimed in claim 3 characterized 
in that said metal deposits are arranged in a regular pattern. 

5. An abrasive product as claimed in claim 4 characterized 
15 in that said metal deposits are arranged in a diagonal 

pattern . 

6. An abrasive product as claimed in claim 4 characterized 
in that percentage coverage is about 13%. 

7. An abrasive product as claimed in claim 4 characterized 
20 in that said metal deposits are arranged in a regular pattern 

of groups. 

8. An abrasive product as claimed in claim 6 characterized 
in that each said group comprises three deposits in a 
triangular configuration.. 
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9. An abrasive product as claimed in claim 8 characterized 
in that the percentage coverage is about 15%. 

10. An abrasive product as claimed in claim 7 characterize 
in that each said group comprises four deposits in a square 

5 configuration. 

11. An abrasive product as claimed in claim 10 characterized 
in that the percentage coverage is about 17%. 

12. An abrasive product as claimed in any one of claims 1 to 
3 characterized in that the percentage coverage lies in the 

10 range 15 to 18%. 

13. An abrasive product as claimed in claim 1 characterized 
in that the particulate abrasive material is diamond grit. 

14. A method of making an abrasive product comprising 
electrodepositing metal onto a substrate through a mask while 

15 embedding particulate abrasive material therein, and forming 
a pattern of electrodeposits on said substrate characterized 
in that the percentage coverage of the total surface area of 
said substrate by said deposits is less than about 25%. 

15. A method as claimed in claim 13 characterized in that the 
20 percentage coverage is less than about 20%. 

16. A method as claimed in claim 13 characterized in that the 
percentage coverage lies in the range of about 12 to 18%. 

17. A method as claimed in claim 14 characterized in that the 
particulate abrasive material is diamond grit. 
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